Background
==========

Recently, lung cancer has become the most fatal tumor in the world, and its incidence is increasing gradually \[[@b1-medscimonit-24-405]\]. Although the treatment of lung cancer has had great advancements, such as surgery, chemotherapy, radiotherapy, and immunotherapy, the 5-year survival rate of patients with advanced lung cancer is only about 15% p\[[@b2-medscimonit-24-405]\]. Lung cancer metastasis is the primary factor causing death, and it greatly influences the therapeutic effect. Therefore, identifying the molecular mechanisms in lung cancer progression and metastasis is of clinical significance, and would be helpful for improving the prognosis of patients with lung cancer.

Previous reports demonstrated that malignancies expressed many chemokines and their receptors, indicating the role of chemokine signaling networks in tumor pathogenesis and progression \[[@b3-medscimonit-24-405]--[@b5-medscimonit-24-405]\]. Among these chemokines, CXCL16 was one of the membranes of the CXC chemokine family, which exist in a transmembrane (t) and a soluble (s) form \[[@b6-medscimonit-24-405],[@b7-medscimonit-24-405]\]. In normal biological processes of the human body, the CXCL16/CXCR6 signaling axis participates in inflammatory regulation \[[@b8-medscimonit-24-405]\]. Additionally, more and more studies focused on the effect of CXCL16/CXCR6 signaling axis on different kinds of human cancer progression, including breast cancer \[[@b9-medscimonit-24-405]\], prostate cancer \[[@b10-medscimonit-24-405]\], nasopharyngeal cancer \[[@b11-medscimonit-24-405]\], pancreatic cancer \[[@b12-medscimonit-24-405]\], renal cell cancer \[[@b13-medscimonit-24-405]\], colorectal cancer \[[@b14-medscimonit-24-405]\], bladder cancer \[[@b15-medscimonit-24-405]\], and others \[[@b16-medscimonit-24-405]--[@b18-medscimonit-24-405]\]. The CXCL16/CXCR6 signaling axis influences tumor growth, metastasis, angiogenesis, survival, and multiple signaling pathways in malignant cells, suggesting that CXCL16 has a critical role in tumor pathogenesis and progression \[[@b16-medscimonit-24-405]--[@b18-medscimonit-24-405]\]. According to Hu et al. \[[@b19-medscimonit-24-405]\], CXCL16 expression is enhanced in human primary lung cancer tissues, and promotes the invasion of A549, 95D, and H292 lung cancer cells *in vitro*. Those results both suggest the important role of CXCL16 in tumor progression.

NF-κB is a protein complex containing 5 subunits: p105, p100, Rel-A, Rel-B, and c-Rel \[[@b20-medscimonit-24-405]\]. NF-κB controls DNA transcription, cytokine production, and cell survival, as well as regulating immune response to infection. The incorrect regulation of NF-κB can result in cancer \[[@b21-medscimonit-24-405]\], inflammation \[[@b22-medscimonit-24-405]\], and autoimmune disease \[[@b23-medscimonit-24-405]\]. Leo et al. \[[@b24-medscimonit-24-405]\] suggested that Trim44 promotes non-small cell lung cancer (NSCLC) development by the activation of the NF-κB pathway via up-regulating CXCL16 and MMP9. Chen et al. \[[@b25-medscimonit-24-405]\] showed that CXCL16, as an inducer of inflammatory responses, might be involved in Henoch-Schönlein purpura (HSP) pathogenesis, which is regulated by NF-κB pathways. These results indicate that the interaction between CXCL16 and NF-κB pathways might participate in inflammatory reactions during disease or tumor development.

Therefore, we studied CXCL16 expression and its association with clinical characteristics in patients with lung cancer, as well as the effect of CXCL16 on proliferation and invasion of lung cancer cells, in order to investigate the molecular mechanisms of lung cancer and provide lung cancer treatment based on molecular evidence.

Material and Methods
====================

Patients
--------

Clinical data and samples were collected from 56 patients diagnosed with lung cancer at Inner Mongolia People's Hospital from May 2009 to April 2016. The 56 patients included 34 males and 22 females, age 38 to 78 years old, with a median age of 58 years old. None of the patients had received any other treatments except for surgical treatment. Informed consent was obtained from each patient. This study was approved by the Medical Ethics Committees of Renmin Hospital of Wuhan University and Inner Mongolia People's Hospital.

Tissue samples collection
-------------------------

We collected 56 tumor tissues and 21 adjacent tissues and fixed them in 4% paraformaldehyde (Solarbio Life Sciences and Technology Co., Ltd), and then sent them to our Pathology Department. Two pathologists were responsible for making tissue slices. With paraffin embedding, tissue samples were made into serial sections of 4 μm.

CXCL16 detection in tissues
---------------------------

Immunohistochemistry (IHC) was used to detect CXCL16 in tumor and adjacent tissues. Tissue slices were dried at 60°C for 20 min, and then dewaxed with dimethylbenzene (Solarbio) and hydrated with gradient alcohol (Solarbio). Endogenous peroxidase activity was blocked with 3% H~2~O~2~ (Solarbio) in methanol at 37°C for 10 min. Antigen retrieval was carried with 0.01 mM sodium citrate buffer (Boster Biological Technology Co., Ltd. Wuhan, China) at 95°C for 20 min. After cooling, normal goat serum (Beyotime Biotechnology. Shanghai, China) was used to block the non-specific antibody binding sites. Slices were incubated with rabbit anti-CXCL16 antibody (1: 500, Abcam plc. Shanghai, China) at 4°C overnight, and then incubated with goat anti-rabbit H&L antibody (1: 500, ZSGB-BIO CO., Ltd. Beijing, China) at 37°C for 30 min. 3,3N-Diaminobenzidine Tetrahydrochloride (DAB) (Thermo Fisher Scientific, Inc. Shanghai, China) was used for staining at 25°C for 3\~30 min and hematoxylin (Beyotime) was used for counterstaining. After being dehydrated with gradient alcohol and vitrificated with dimethylbenzene, slices were sealed with glycerol (Thermo) and observed under a microscope (Olympus Corporation, Japan).

Hematoxylin and eosin (HE) staining of tissue slices was performed according to the specifications of the HE staining kit (Beyotime).

Cells culture
-------------

A549 and PC-9 cell lines were obtained from American Type Culture Collection (ATCC), Baltimore, USA. A549 and PC-9 cells were cultured in RPMI-1640 medium (Thermo) containing 10% fetal bovine serum (FBS) (Thermo), penicillin (100U/mL) (Sigma-Aldrich Co. LLC. Shanghai, China), and streptomycin (0.1mg/mL) (Sigma), maintaining in the conditions of 37°C, 5% CO~2~, and saturated humidity.

Silencing CXCL16
----------------

RNA interfering (RNAi) was used to silence CXCL16. CXCL16 siRNA (sc-105252, Santa Cruz Biotechnology, Inc. Shanghai, China) was transfected into A549 and PC-9 cells with lipofectamine 2000 (Thermo) according to the specifications. Empty vector transfection was used as the negative control (NC). Transfection was carried on for 48 h, and the cells were used for the following experiments.

Inhibiting the NF-κB pathway
----------------------------

Pyrrolidine dithiocarbamate (PDTC, Beyotime) was dissolved in RPMI-1640 and then sterilized by filtering (Becton, Dickinson and Company. Shanghai, China). A549 and PC-9 cells were cultured in 6-well plates (Corning, New York, USA) with RPMI-1640 without FBS. We used 100 μM PDTC to inhibit NF-κB activity for 24 h and then the cells were used for the following experiments.

Proteins detection
------------------

Proteins in cells were detected by Western blotting (WB). A lysis kit (Thermo) was used for preparing cell lysates. Proteins were quantified by BCA protein assay kit (Beyotime). We analyzed 35 μg protein by 10% separating gel and 5% stocking gel, and then transferred them to polyvinylidene fluoride (PVDF) (Merck Millipore Corporation, Darmstadt, Germany). We blocked the non-specific antibody binding sites of the membrane with 5% non-fat milk in phosphate buffer solution (PBS) (Boster) containing 0.05% Tween-20 (Sigma). Rabbit anti-c-Rel (1: 1000, Abcam), rabbit anti-Rel-B (1: 5000, Abcam), rabbit anti-NF-κB p105/p50 (1: 10000, Abcam), and mouse anti-GAPDH (1: 10000, Abcam) antibodies were incubated with the membranes at 4°C overnight, separately. Goat anti-rabbit and goat anti-mouse secondary antibodies (1: 10 000, Abcam) were incubated with the membranes at 25°C for 1 h. Electrochemiluminescence (ECL) (Millipore) was used for detecting proteins expressions.

Cell proliferation detection
----------------------------

The Cell counting kit-8 (CCK-8) (Thermo) was used to detect cell proliferation. After transfection, cells were adjusted as the concentration of 0.4×10^3^/well and seeded in 96-well plates (Corning). We added 10 μL of CCK-8 liquid in each well and then incubated them at 37°C for 20 min. Five straight days of optical density (OD) value were measured at 570 nm with a microplate reader (BioTek Instruments, Inc. Beijing, China).

Cell invasion detection
-----------------------

Transwell assay was used for detecting cell invasive ability. Matrigel gel (BD) was diluted in RPMI-1640 (1: 5). We added 80 μL of the mixture to the upper chamber and then incubated at in at 37°C for 4 h. We adjusted the cells as 1×10^5^ cells/mL and staved them for 6 h. Cells were seeded in the upper chamber with RPMI-1640 without FBS, while RPMI-1640 with 10% FBS was added in the lower chamber, and then we continued to culture them for 12 h. We washed the cells with PBS and then fixed them with methanol (Solarbio) for 30 min. Cells were stained with 0.4% crystal violet (Macklin Inc. Shanghai, China) in 20% methanol for 20 min and then we cleaned the cells on the lower surface of the chamber. Under microscopy, we selected 5 fields (20×) randomly and counted the cells.

Statistical analysis
--------------------

All data were analyzed by SPSS 19.0 software. The *t*-test or one-way ANOVA was for analyzing comparisons between groups. Chi-square test was used for analyzing the proportion rate. Kaplan-Meier analysis was used for estimating the survival curve. *P*\<0.05 was considered as significance.

Results
=======

CXCL16 expression was enhanced in tumor tissue
----------------------------------------------

CXCL16 expression in tumor and adjacent tissues are shown in [Figure 1A](#f1-medscimonit-24-405){ref-type="fig"} and [Table 1](#t1-medscimonit-24-405){ref-type="table"}. The positive rate of CXCL16 expression in tumor tissues was significantly higher than in adjacent tissues (14.29% *vs.* 66.07%, *P*\<0.05). The positive staining was accumulated on the membrane and in the cytoplasm, while the nucleus was stained negative.

Comparing CXCL16 expressions in different pathological types, there was no significant difference between that in squamous cell carcinoma (SC) and that in adenocarcinoma (AC) (66.66% *vs.* 64.29%, *P*\>0.05).

Analyzing the association of CXCL16 expression with clinical characteristics, there was no significant association of CXCL16 expression with age, gender, or tumor size. The positive rate of the patients with lymphatic metastasis was significantly higher than those without (81.25% *vs.* 45.83%, *P*\<0.05).

High CXCL16 expression shortens the survival time of patients with lung cancer
------------------------------------------------------------------------------

The association of CXCL16 expression with survival time of patients with lung cancer is shown in [Figure 1B](#f1-medscimonit-24-405){ref-type="fig"}. Survival time of the patients with positive (+) CXCL16 in tumor tissue was significantly (*P*=0.001) lower than in those with negative (−) CXCL16, which indicates that low CXCL16 expression in tumor tissue prolongs the survival time of patients with lung cancer.

Silencing CXCL16 decreased NF-κB activity
-----------------------------------------

Relative proteins expression of the NF-κB pathway before and after silencing CXCL16 are shown in [Figure 2A](#f2-medscimonit-24-405){ref-type="fig"}. p105, c-Rel, and Rel-B expressions after silencing CXCL16 were all obviously decreased in A549 and PC-9 cells compared to the controls, which indicates that silencing CXCL16 decreases NF-κB activity in lung cancer cells.

Silencing CXCL16 or inhibiting NF-κB pathway suppresses proliferation of lung cancer cells
------------------------------------------------------------------------------------------

Proliferation of A549 ([Figure 2B-a](#f2-medscimonit-24-405){ref-type="fig"}) and PC-9 ([Figure 2B-b](#f2-medscimonit-24-405){ref-type="fig"}) cells is shown in [Figure 2B](#f2-medscimonit-24-405){ref-type="fig"}. From the 3rd day, there were fewer A549 and PC-9 cells in the NC and Control groups than in the si-CXCL16 and NF-κB groups, separately and significantly (*P*\<0.05), implying that silencing CXCL16 or inhibiting NF-κB both suppressed the proliferation of A549 and PC-9 cells.

Silencing CXCL16 or inhibiting the NF-κB pathway suppresses invasion of lung cancer cells
-----------------------------------------------------------------------------------------

Invasion of A549 and PC-9 cells is shown in [Figure 2C](#f2-medscimonit-24-405){ref-type="fig"}. Compared to NC and control groups, the number of invasive cells in A549 and PC-9 cells with silencing CXCL16 or inhibiting NF-κB both decreased obviously, which indicates that the effect of silencing CXCL16 on invasion of lung cancer cells was similar with inhibiting NF-κB.

Discussion
==========

In our study, we firstly found that CXCL16 expression was enhanced in lung tumor tissue, which shortened the survival time of patients with lung cancer. Secondly, with cellular experiments, we found that silencing CXCL16 or inhibiting NF-κB activity not only decreased proteins expression related to NF-κB pathway, but also suppressed proliferation and invasion of lung cancer cells.

In the process of tumor pathogenesis and progression, chemokines and their receptors provide proliferation, adhesion, and metastasis under certain conditions \[[@b26-medscimonit-24-405]\]. CXCL16, with a scavenger receptor that binds phosphatidylsedne and oxidized lipoprotein (SR-PSOX), belongs to the CXC family \[[@b27-medscimonit-24-405]\]. CXCL16 has with many biological functions. Huang et al. \[[@b28-medscimonit-24-405]\] suggested that CXCL16 is highly expressed in various tumors, such as breast cancer, pancreatic cancer, and prostatic cancer. Ke et al. \[[@b29-medscimonit-24-405]\] showed that CXCL16 is highly expressed in patients with NSCLC, and also influences the survival time of patients with NSCLC. In our study, we also found that CXCL16 expression was enhanced in lung tumor tissues compared to the adjacent tissue, accumulating on the membrane and cytoplasm. By analyzing the survival curve, the results suggest that lower CXCL16 expression in tumor tissue prolongs the survival time of patients with lung cancer, indicating that enhancing CXCL16 expression in tumor tissue results in poor prognosis. Additionally, the positive rate of the patients with lymphatic metastasis was higher than in those without, indicating that increasing CXCL16 expression in tumor tissue promotes lymphatic metastasis. Our results are in accord with previous investigations.

In different kinds of carcinoma, CXCL16 might have different effects on the prognosis of bladder cancer \[[@b15-medscimonit-24-405]\] and ovarian cancer \[[@b30-medscimonit-24-405]\]. CXCL16 promotes tumor metastasis, as well as participating in the malignant transformation and differentiation of lymphoma \[[@b31-medscimonit-24-405]\]. However, CXCL16 was reported to suppress the invasion and metastasis of gastric \[[@b32-medscimonit-24-405]\] and renal \[[@b33-medscimonit-24-405]\] carcinomas, improving the prognosis of those patients. There have been few studies on the relationship between CXCL16 and lung cancer. Hu et al. \[[@b19-medscimonit-24-405]\] found that the CXCL16/CXCR6 signal axis is highly expressed in lung tumor tissue, and the exogenous CXCL16 clearly promoted tumor proliferation and invasion, while inhibiting CXCL16 blocked the stimulation of CXCL16, indicating that CXCL16/CXCR6 might play a critical role in lung cancer metastasis. Actually, for CXCL16 with transmembrane and soluble forms, there might be a different effect of CXCL16 expression on metastasis of different carcinomas. sCXCL16 was reported to stimulate the proliferation and metastasis of tumor cells, while tCXCL16 was shown to suppress metastasis of some kinds of carcinomas, such as breast cancer \[[@b34-medscimonit-24-405]\].

Therefore, we silenced CXCL16 in lung cancer cells and analyzed the biological characteristics. We found that silencing CXCL16 not only suppressed proliferation of A549 and PC-9 cells, but also decreased their invasive ability, suggesting that promotion of CXCL16 affects proliferation and invasion of lung cancer cells. However, IHC results indicated the CXCL16 appear as tCXCL16, which was different from a previous report \[[@b34-medscimonit-24-405]\]. We consider that this difference was mainly caused by the use of different kinds of tumors between our study and other studies.

In order to discover the molecular mechanisms of CXCL16 expression acting on promoting proliferation and invasion of lung cancer cells, we detected the activity of NF-κB. NF-κB has an important role in tumor progression, which was reported to be related to lung tumor development \[[@b35-medscimonit-24-405],[@b36-medscimonit-24-405]\]. In NSCLC, the activation of NF-κB up-regulated cyclin A, cyclin B, and cyclin D1, as well as down-regulating P21cip/Waf1 and Rb expressions, which promoted cell cycle transiting from G1 to S and induced proliferation of lung cancer cells \[[@b37-medscimonit-24-405],[@b38-medscimonit-24-405]\]. In our study, after silencing CXCL16, we found that c-Rel, Rel-B, and p105 expressions were all decreased, showing inhibition of the NF-κB pathway. Next, we compared the proliferation and invasion of A549 and PC-9 cells between silencing CXCL16 and inhibiting the NF-κB pathway, and the results showed that both proliferation and invasion of A549 and PC-9 cells were suppressed, which implied that silencing CXCL16 might suppress the proliferation and invasion of lung cancer cells through inhibiting NF-κB activity. Our results are in agreement with similar outcomes in previous studies.

Wang et al. \[[@b39-medscimonit-24-405]\] blocked the CXCR6/AKT/mTOR pathway and found the suppression of tumor metastasis, which indicated that the CXCL16/CXCR6 signal axis promotes metastasis of prostatic carcinoma by regulating AKT/mTOR. Another science team found that CXCL16 could up-regulate MMP2 and MMP9 expressions by AKT/PI3K and NF-κB pathways and then promoted the metastasis and invasion of lung cancer tumors \[[@b40-medscimonit-24-405]\].

There are some limitations in our study. Firstly, the number of the patients with lung cancer was small, leading to the weak representativeness of the analytical results. Secondly, we silenced CXCL16 and detected the activity of NF-κB, but we did not detect CXCL16 expression after inhibiting the NF-κB pathway. The co-interaction between CXCL16 expression and the NF-κB pathway is still unclear. Thirdly, we only measured CXCL16 expression but did not focus on CXCR6, so the total activity of the CXCL16/CXCR6 signal axis is unknown. Last but not least, we did not perform analysis of apoptosis and cell cycle. Further studies with larger sample sizes and *in vivo* experiments are needed to determine the effects of CXCL16 expression in lung cancer on tumor metastasis, patient survival time, and biological characteristics of lung cancer cells.

Conclusions
===========

Our results show that tCXCL16 is highly expressed in lung tumor tissue, promoting the proliferation and invasion of lung tumors. CXCL16 is a potential target in treating lung cancer and may be useful as a biological marker for diagnosing the progression of lung cancer.
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![CXCL16 expression in lung tumor tissues and survival curve of patients with lung cancer. (**A**) Immunohistochemistry of lung cancer tissue; (**B**) Survival curve of patients with lung cancer according to CXCL16 expression in tumor tissue; HE -- hematoxylin and eosin; SC -- squamous cell carcinoma; AC -- adenocarcinoma; '+' -- positive expression; '−' -- negative expression.](medscimonit-24-405-g001){#f1-medscimonit-24-405}

![Silencing CXCL16 suppressing proliferation and invasion of lung cancer cells. (**A**) NF-κB activity in lung cancer cells; (**B**) Cell proliferation; (**C**) Cell invasion; SC -- squamous cell carcinoma; AC -- adenocarcinoma; si-CXCL16 -- silencing CXCL16; in-NF-κB -- inhibiting NF-κB; NC -- negative control; Con. -- control.](medscimonit-24-405-g002){#f2-medscimonit-24-405}

###### 

CXCL16 expression in tumor tissue and its association with clinical characteristics of patients with lung cancer.

  Group                  Subgroup   CXCL16   χ^2^   P value   
  ---------------------- ---------- -------- ------ --------- ---------------------------------------------------------
  Age                    \<65       23       7      3.23      0.07[\*](#tfn2-medscimonit-24-405){ref-type="table-fn"}
  ≥65                    14         12                        
  Gender                 Male       20       14     2.03      0.15
  Female                 17         5                         
  Pathological type      SC         28       14     0.01      0.92
  AC                     9          5                         
  Tumor size             \<3 cm     16       10     0.45      0.51
  ≥3 cm                  21         9                         
  Lymphatic metastasis   Yes        26       6      7.64      0.01[\*](#tfn2-medscimonit-24-405){ref-type="table-fn"}
  No                     11         13                        

SC -- squamous cell carcinoma; AC -- adenocarcinoma; '+' -- positive expression; '−' -- negative expression;

*P*\<0.05.
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